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Nutritional composition 
Bleld of the invention 

5 The present invention relateg to a new and inventive nutritional composition intended 
for infents and/or young children, as' well as to a method for strengthening natural 
inunune defense? and to a method for promoting a healthy mental development in 
infant? or young children by fijUy or partly feeding them with the afore^mentioned 
formula 

10 

Background of the hivention 

The composition of human milk serves as a valuable reference for improving infant 
formula. However, human miUc contains living cellSa hormones, active enzymes, 
15 immunoglobulins and components with unique molecular structures that cannot be 
replicated in infent fomiula. Unlike huinan millc. infent tbmiula must ranain stable on 
the shelf for jxp to thirty-six (36) months. These fundamental differences between 
human nnlk and in&nt fomiula often mandate (UEfer^oces in the composition to achieve 
similar clinical outcome. 

20 

The study of human milk components ha^ stimulated many inve^tigationp into what 
constituents may be added to an imprbved infant formula. Greater knowledge of the 
con^iosition of human milk affords the opportunity to design infant formulas that are 
closer in composftioii to human milk. Hoivevw, it becomes increasingly appaient that 
25 in&nt formula can never exactly duplicate human milk. Many constituents in human 
milk are bioactrve and because of synergies among these components, 'flxere is little 
reason to believe that the same compound would have tiie same bio^tivity in infant 
formula. Hie likelihood of this possibility is fiirther diminished when the impact of heat 
treatment for sterilization and long-term storage of the formula is considered. 

30 

The composition of human milk differs appreciably fiom that of other species and much 
attention has been paid to tixe various components. Several investigators have reported 
on the nucleotide content of milk from humans. Numerous publications have also 
discussed various lipid, oil or fat blends for use in an artificial nutritional for human 
35 infants. 
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co^batian with a unique combm^cm of p«,t«ctive nutri«^. especially ensuring 
^owth and metabolic pa«en^ sinular to those of hrea«fe<J infents. thus iLZH^ 
similar health cWaeristics in later childhood and adulthood. 

Summary of the Xaventioii 

A first Object of the present inventioii theiefore pertains to fonnnlae intended both for 
mf^zts and young children. Ttc formula of the invention comprises at lea^ one LC 
PUFA and at least one probiotic strain. 

treT f''"* f r ' ""^^^ strengthening natu^ tomune 

fhS^ 1 ' "^^"^^ '"""^"^^ " orpaiHy feeding 3aid infent or 

child vath tfie afore-mentionned foimula. 

A t^IW object of the present inventic^ p^tains to a method for pix,motinfi a heahhy 
development of an inftnt or a ye«.g child consisiting in fully or partly feeding 
said mfent or child with the afore-mentionned&nnula. I«ruyreeamg 

Detailed Description of the bvention 

In the ^sent specification, the follo^ong words are given a definition that must be 
taken mto account v^en reading and inteipretine ihe description, examples and claims- 

Infant: according to the Cormnission liirective 91/32imEC of 14 May 1991 on infent 
formulae and foUow-an formulae, article 1 .2(a), the tenn "infants" means chUdren under 
the age of 12 months. lUis definition is adopted in the present specification. 

Young Children: according to tiie Comprission Directive 91/321/EEC of I4 May 1991 
on infant formulae and follo^^n fom^ulae. article 1.2Cb). ftc tenn "young children- 
means children aged between one and three years. Tins definition is adopted in the 
present specification. 

Ihfent fonnulae: according to the Commission Directive 91/321/EEC of 14 May 1991 
on mfant formulae and foUowK,n fom^ulae, article U(c). the term "infent fomiula" 
means foodstuffe intended for particular^nutiitional use by infente 
six months of life and satisfying by themselves the nuWtional requirements of this 
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category of persons. This definition is . adopted in the present specification, It has to be 
underwood that infants can be fed solely ^th infant fomulas, or that the infant formula 
can be used by the carer as a complement of human milk. It is synonymous to the 
widely used e^cpression "starter formula". 

5 

Follow-on formulae: according to the Commission Directive 91/321/EEC of 14 May 
1991 on infant formulae and folio w-pn formulae, article l^(d), the tetm "follow-on 
formulae" means foodstu^ intended for particular nutritional i^e by infants aged oyer 
four months and constituting the principal liquid element in a progressively diversified 
10 diet of this category of p^sons. This definition is adopted in the present specification. 

According to a first object of the invention, there is provided a nutritional composition 
for infants (including a starts composition) or young childten. This composition, as 
already mentioned, is a unique combination of protective nutrients ensuring improved 
15 natural defenses compared to bottle-fed infants and children, characterised by an effects 
on flatulence, vomitting, regxu^totion andmorbidity, and al^o characterised by reduced 
diarrhea and improved response to vaccination. 

The unique combination of the iin^ention also results in promoting a healthy mental 
development of tiie infant and child pardy or fiilly fed with tiie formula of the invention. 

20 

Furthermore, tiiie nutritional composition comprises at least one probiotic selected to 
exert its beneficial ef&cts all along the intestinal tract and support a healthy gut flora. 

Of course, the composition of the formula according to the invention ^so supplies the 
25 infant or the young child y/iSi vitamins and minerals recognised as essential for a 
healthy development; as well as semi-essential nutrients which may be needed in 
particular conditions. These semi-essential nutrients can include taurine, micleotideSy 
carnitine, aad/or selenium. 

30 The formida consists of proteins, carbohydrates, at leqst one probiotic, fets including at 
least one LC-PUFA with vitamins and minerals in amoimts necessary to provide the 
sole source of nutrition for healthy temi infants from birfli until the age of 4-6 months 
for infant formulae^ and as the prinrapal liquid element in a progre$sively diversified 
diet of infiuxts aged over four months, 

35 

The nutritional composition according to the fir^t object of the present invention 
comprises a special blend of fats, comprising at least one LC-FUFA. Fat provides about 
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half of the dietary energy and constitutes the maj or energy stores in the bodies of infants 
and young children. Presently, there is growing interest in the quality of the dietary lipid 
piqjply during infincy as a major deteiminant of groTvth. visual and neural development, 
and long-term health. Thna, the selection of the dietaiy Upid sijpply during early life is' 
considered to be of great importance. 

Because of the ^maU size of their stomach and their limited tolerance towards 
hypertonic foods, infants require a concentrated source of energy. Of the 3 nutrients 
supplying energy, fet provides 9 kcal per gram, i.e. more than twice the energy present 
in carbohydrates or proteins. Most experts recommend that fet in infant formulae supply 
firom SOVa to SS% of the total energy. 
RecanstitHted at a rate of 67 kcal/100 ml. the compositiQn according to this aspect of the 
present invention suppUes a quantity of fet which is close to the average yalue found in 
breast milk. 

15 Preferably, vegetable fats, and eventually a LC-PUFA oil mixture (fish oil & 
Moitierella alpina oil blend, for example) only are used in the manufectMre of the 
composition. However, whey and skim milk contain naturally some traces of milk fet, 
wcplaining a very small percentage of milk fet in the fomiula. 

20 Fatty add composition of the diet detenmines fetty acid composition of all tissues, 
inchiding storage tissues. The fet mixture in the infent formula therefore has ^ overall 
fatty acid composition as close as possible to that of human milk, in order to ensure 
similar membrane plasticity and same mobilization of energy in case of increased needs. 
The fet mixture siq>pUes docosahexaenoic acid and aiachidonic acid , in addition to 

25 essential fetty acids (linoleic and a-Knolraiic adds), as weU as adequate quantities of the 
following fetty acids: 

- Oleic qcidfCl 8:1 mg}: recent data have shown that monounsatuiated fatly acids (oleic 
acid bemg the main one) decrease total cholesterol and LDL-cholesterol concentrations. 

- Palmitic aoitl frifi O): it has been suggested that pahnitic add may be preferentiaUy 
30 used for the synthesis of lung surfactant and dms would intervene in optimal 

development of respiratory function. 

- tame and mvristic adds fC12:0 and C14;0V they are medram chain saturated fetty 
adds, are easy to absorb, but need to be supplied at low levels. The EC Directive has 
proposed a maximum of 15% lauric add and myristic add in fet mixtures used for 

35 infant feeding. The present composition fet mixture preferably stays wbU below the 
maximal values allowed, for example between 1 1 and 12%, 
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The fat fraction of the present formula also comprises an LC-PUPA oil mix. 
Hutnan milk contains docosahexaenoip acid (DHA) and arachidonic acid (ARA) and 
thus breast-feeding provides infents wjth preformed LC-PUFAs. The DHA contmt of 
human milk varies considerably within populations ai^d i^ strongly in£li4enced by 
5 maternal diet Globally, the DHA content of milk from mothers consyming Western 
diets ranges from 0.1 to 0,4%, with a mean of 0.25%, whereas in n^others consuming 
non-Western diets, the DHA content of milk is greater, ranging from 0,1 to 1,4%, with a 
mean of 0.6%. However, amounts of 02 to 0.3% are generally accepted as 
representative. The ARA content of human milk ip les$ influenced by the diet than 
10 DHA. Globally, the ARA content of human milk from n^others cot^uming Western 
diet3 ranges from 0.2 to 0.7%, with a.mean of 0.45%, whereas in mother? consuming 
non-Westem diets, the ARA content rwiges from 0.4 to 1.2%, ydih a mean of 0.6%. 
Both DHA and ARA levels are influenced by the duration of lactation and tend to 
decrease from colostrum to transitional a nd mature milk. 

15 

The LC-PUFA is at least reprepcnted by DMA, preferably provided by a natural fish oil 
that supplies vvith a DHA/EP A (EPA: eicosapentaenoic acic) ratio > 4, similar to human 
milk. Together with DHA, the composi^onmay provide a source of ARA, for exazpple 
&om fungal origin (Mortiellrella atpina, belongiag to &e American Type Culture 
20 Collection). 

Arachidonic acid is widely distributed \n all cell membranes; it is the m^or LC-PUFA 
in most peripheral tissue^ (e, g. hearty liver) and it is present in larger amoimts in 
nervous tissue. It is algo the precursor 'of biological substances known collectively 
eicosanoids: protaglandins, leukotrien^ and thromboxanes which have a role in 

25 immunoregulation, in inflammatory processes and muscle contraction. Arachidonic acid 
i3 considered as being important for optimal growth, as a significant correlation has 
been found between plasma arachidonic acid levels and infant body grow^ 
In contrast to ARA, DHA accoimts only for a small percentage of the fatty £|cid content 
in most tissues, except in neuronal tissue, siich as the retina and the brain. 

30 In the retina, it is concentrated in tb& specialized membranes of the photoreceptor outer 
segments that are dynamic structures whose components are renewed daily, and 
represent? up to 50% of fatty acidsi of the main phospholipids. Apimals ynth low 
DHA retinal levels present with abnomial electroretinograms. 

In the brain, the total amount of DHA lincreases dramatically during the brain grov/th 
35 spurt, bofli because of the growth of brain in size (from 100 g at tiie beguming of ttie 
tiiird trimester of pregnancy to about 1 100 g 18 months postnatally), but also because 
there is an increa^ in ttie relative DHA content, vliich has been calculated to increase 
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approximately 35 mg per week from 4e begmning of the last trimepter of pregnancy tiU 
the end of the first year of life. 

As there is competitioa between fetty ^ds of the n-3 and 0-6 pathways with respect to 
elongation and desaturation, as well as for incorporation into phosphoKpids and 
conveision to dcosanoids, we have balanced the fat in infent fonnulae with reject to n- 
6 and n.3 fatty acidp. Supplementation of infent formula with only alpha^Iinolenic acid 
as a source of n-3 fatty acids, eyen in the recommended balance wift Hnpleic acid, does 
not sapport DHA status equivalent to that of breast-fed infants. Indeed, numerous 
studies have demonstrated higher levels of DHA in circulating pools of lipids: plasma 
phosphoUpids, red blood eeU lipids, ted blood cell phospholipids, red blood ceU 
phosphatidylethanolamine in breast-fed compared to formula-fed infents. 
The arachidonic acid statu? in most cases is not aflfected and similar to that of breastfed 
infants. Numerous studies have shown that it is possible to achieve DHA levels in the 
15 various blood pools of formula-fed infants similar to or even higher than those of breast- 
fed infants by supplementing flie formula with DHA. High amounts of DHA alone or 
use of DHA sources providing high levels of EPA, a fatty acid preci„aor of DHA, i^y 
however lead to depletion of the aiachidonic status. Thus. DHA in the formula 
according to the present invention is provided by a low SPA fish oil at a level which has 
been shown to achieve DHA levels in the various blood pools of formula-fed infants 
similar to those of breast-fed infents. 



20 



The composition according to the invention comprises at least one LC-PUFA The 
prefcired LC-PUFA is DHA. which can be the sole added LC-PUFA. In another aspect 
25 of the invention, both DHA and ARA ace added into the fonnula. 

According to the present invention, the infent formula comprises at least one probiotic. 
in order to ofier all infents, whatever their mode of deUvery or their hygieniii 
environment, the advantages of a protective intestinal flora 

30 

A preferred probiotic consist in Bifidobacteria, which as a whole are safe and are L (+) 
lactic acid producing cultures. A particularly prefened probiotic is Bifidobacterium 
lactis, first sold by Christian Hansen under &e name BbI2. RUuOis is a Gram-positive 
catalase negative strain , producing only L(+) lactic add. The stmin BffidobacteriJt 
35 lactic CBL) has been selected to be add^ to the present formulae mostly because of its 
resistance towards acid and bile salts, and its survival not only in products with a Aott 
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shelf life such as chilled daiiy products, but also in powder milks ynih a longer shelf life 
9uch as in&ut formulae. 

B. lactic appearance in the &eces of aditfts during mgestion of the probiotic has been 
confirmed by a specific PCR-ELISA method. In infents, 2 shidies have been looking to 
the presence of A lactis in the stools of infants fed a fonnula enriched with A lactis, 
either by classical microscopical examination or by the more specific method of 
Random Amplified Polymorphic DNA (RAPD).PCR method. It was possible to 
estimate the percentage of recovery of B. lacfis in the stools to be in the range of 25- 
309^p. a value that has been found for other strains of bifidobacteria and is significantly 
hi^er than other strains of probiotics. 

Another preferred probiotic consists in a Streptococcus, particularly Streptococcus 
thennophilus provided under the name TH4 by Chr. Hansen. Denmark. Both 
15 Bifidobaterium lactis and Streptococcus thermophilu^ have been given a GRA5 statqs 
(generally recognised as safe) by the USFDA (United Staes Food and Drug 
Administration) for use in fomnjlas intended for children over 4 months of age, and the 
same USFDA has authorized madceting of a starter formula emidi^ with 
Bifidobaterfum lactis. 



10 



20 



30 



35 



Other preferred ptoWotics are Lactobacillus GG (ATCC 53103) and Bifidobacterium 
longum. 



the probiotics according to the present aspect of the invention are preferably present in 
25 an amount of 10« to lO^cfii/ grams of dry product, preferably 10* to 10» cfii/g, and even 
more preferably 2* 1 0' cfii/grams of dry product. 



The composition according to the present invention comprises at least one probiotic. 
Preferably, such probiotic is a Bifidobacteria, and more preferably is Bifidobacterium 
lactis. It may also be a Streptococcus, the prefened one bemg Streptococcus 
thermopMlus. hi a very preferred embodiment of the invention, hifant and starter 
formulae comprise Bifidobacterium lactic and fbUow-on formulae comprise both 
Streptococcus thermophilus and Bifidobacterium lactis. 



Dietary protein provides the essential amino adds necessary for protein synthesis and 
giowA and protdn quality is as icapottaat as protein quantity. 



c-^t "00/00/0000 n.co 
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Until now, in order to supply enough of the essential amino aci^s, cow*;? milk^-ljased 
infant fbtmiUae needed a protein content significantly higher than that of the reference 
htunan milk. However, if the onuno add pattern of a coVs milk-based infont fonnula is 
closer to that of human milk, flie protein content of such a formula can be low^ed to 
5 resemble that of the reference. A new protein mixture of ifnique amino acid composition 
allowing the adaptation of the quantity of protein to a level eloper to the average content 
of human milk has been developed according to an aspect of the preseat invention. 

The protein contmt of regular whey-adppted fomiulae ranges from 2.1 to 2.6 g per 100 
10 kcal, whereas Hhe content of human milk ranges from 1.4 to 1.8 g per 100 kcal. Excess 
protein intake may Induce metabolic stress on infant organs that have not fuUy 
developed. 

Following paediatric recommendations for lowering protein density of in&nt formulae, 
clinical tri^s in infants fed formulae containing protein densities between 1 ,6 and 2,0 g / 

15 100 kcal have been reported- However, these attenq^ts to lower protein content in a 
fonnula using traditional coVs milk protein sources or mixing the currently available 
firactions — casein and whey although demonstrating the principle was conceivable, 
fiiiled to reproduce all the indices of human milk protein metabolism o^ to ensure the 
satis&ctoiy growth of infant^, 

20 For instance, results have shown a global plasma amino acid pattern different to that of 
breast-fed infents, depressed plasma tryptophan levels, elevated plasma threonine levels, 
delay in growth, and higher energy intake suggesting an increased fat deposition which 
may be regjonsible for obesity in later life. 

25 CoVs milk **whey protein" is a mixture of several proteins, which all have a diffeient 
amino acid profile, and of Ae non-protein nitrogen (NPN) fraction. The ca^eino-glyco** 
macropeptide (CGMP) is a protein fraction that is found in this fiction. It corner from 
the kappa-casein that is split up by proteolytic cleavage into 2/3 ps^a-kappa-^casein, an 
insoluble fraction that remains in the casein fraction an4 1/3 CGMF, a soluble fraction 

3 0 that is found in the whey fraction. 

An original fractionation process of whey proteins has been developped and is 
explained in EP 880902; ihis process aDows tiie removal of practically all ttie caseino* 
glyco-maciopeptide (a fraction rich in tbreonine and poor in tiyptophaYi) from bovine 
i^dtiey thereby increasing the alpha-lactalbmnin proportion (a fraction vezy rich in 

35 tryptophan). 

By combining this modified sweet whey fraction with skim milk, and with the addition 
of some free L-histidine and L^arginine (in order to reach flie m^iir^nm amounts of 
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these amino acids required by EC Directive), the fonnulatioa according to the invention 
has an amino acid profile much closer tp that of human millc; characterised in particular 
by comparable tryptophan and threonine levels, allowing the adaptation of its ptotein 
content to that of human miUc, 

5 

Nutritional value of the new protein mixture used in the manu&cture of the protein 
profile according to the invention has been measured in rata. 

The results show (see table 1) that this formulation has a Protein EfiBciency Ratio 
CPER), a nitrogen digestibility, a Biological Value (B V), and a Net Protein Utilisation 
1 0 (NPU) comparable to standard wfaey-adapted fomiulae. 

Table 1 



Nubrttlonal paramsteis 


Casam 


standanl wh«y> 
fsnnula 


tamiHfattmi of 
tim lnvBi|iiaii 


PER 


1.36 


2-49 


2.70 


Relative PER (casein » 1 00%) 


100.0 


182.8 


198.3 


Digestibility (%) 


96.7 


92.8 


91.4 


BY 


0.88 


0.96 


0.96 


MPU(%) 


85.4 


88.8 


87.5 



15 Moreover, rats fed on the formula according to the iocvention showed significant louver 
plasma threonine levels and increased plasma ttyptophan levels, compared to lat^ fed on 
standard whey^adapted formulae. 

The protein profile of the compositiow according to the present invention, with 
20 protein efficiency, is n very well adapted infant fomiula with ^ protean content closer to 
that of human millc V/ifh a protein content being at maximum of 2g^l00 kcal, 
preferably 1.85, most preferably bet«veen 1.8 and 1.85 g/100 kcat it is in the lower part 
of the range of the most recent pae^atric recommendations for infant fomiulae. 
Moreover, this level is in line with recent data assepping protein requirements difring 
25 early life, which has shoAvn that recommendations for optimal protein intalces are lower 
than they have been reported in the past. 

To ensure optimal protein synthesis; and therefore optimal growth, essential and semi-- 
essential (Le. ess^fitial only during infancy) amino acids need to be supplied in the same 
30 quantitie3 as in humanmilk. 
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The fbnnulation according to the invention is preferably either whey enriched (ca3ein / 
whey lalio set around 40/60 or loww, such as 45/55). either whey predominant (casein / 
whey ratio preferably set at 30/70 or even more, such as 20/80). Together with the with 
the unique protein mixture and casein / whey ratio, the amino acid profile of the 
composition according to the invention is comparable to that of human milk (see table 
2). 





Table 2 


Am inn nf^fa4 /n 


Human milk 


invention 


mean 


lowest value 


hls?iest value 


(reprasentative 
values) 


Isoleucine * 


6.4 


5.7 


6.8 


5.8 


Leucine ♦ 


11.5 


11.0 


11.9 


11.9 


Lysine * 


7.9 


7.4 


8.4 


10.0 


Methionine ^ 


1.7 


1.3 


2.1 


2.5 


Cystine** 


2.3 


1.7 


2.9 


2.4 


Phenylalanine* 


4.6 


4.2 


5.1 


4.6 


Tyrosine ** 


4.7 


3.3 


6.3 


4.0 


Threonine ♦ 


5.6 


5.3 


6.6 


5.4 


Tryptophan * 


2.3 


1.8 


2.6 


2.1 


Valine * 


6.8 


5.9 


8.0 


5.9 


Arginine ** 


4.2 


3.5 


4,9 


4.5 


(fistidine *♦ 


2.8 


2.4 


3.8 


2.5 


Alanine 


4,8 


4.5 


53 


5.1 


Aspartic acid 


10.4 


10.1 


10.8 


11.1 


Glutamic acid 


19.6 


17.6 


22,7 


19.7 


Glycine 


3.2 


2.8 


3.6 


2.7 


Proline 


10.2 


8.9 


11.2 


7.8 


Serine 


5.6 


5.0 


5.9 


5.3 


All values corrected to 40% NHa 





* essential amino acids ** seml-essenfel amino adds 



Preferably, the proteins are non-^hydroly^ed proteins. 

The sole source of carbohydrates of the compositiou acconjing to the present invention 
i5 lactose. In less preferred embodiments of the invention, hovyever, other sources of 
carbohydrates, such as for example saccharose, nialtodextrins, anc|/or starch can be used 
together with lactose, in varioi^ ratios. 



20 



Carbohydrates constitute an important source of energy in the diet of the newborn 
infant Lactose is Ac natural carbohydrate in human nuUp. Most infants in good health 
can digest lactose adequately. 
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Lactose a^sociatec} with 3tool acidity and aa intestinal flora (preponderance of 
lactobacilli and bifidobactetia) whicb may be important in si^pressing the lowth of 
undesirable bacteria in tbe intestine of breast-fed infants. Moreover, lactose ha3 been 
S 3ho%vn to enhance absoiption and retention of calcium and probably other mineral?. In a 
recent study, it ha3 been shovvn that c^cium absorption is 10% greater from a lactose- 
containing fonniila compared wifh ^ame fomiula in which the lactose we|S replaced 
by glucose polymm. 

10 The fonnula according to the first object of the invention may also siippliy semi- 
essential nutrimts v^ch may be needed in particiUar conditions (e, taurine, 
nucleotides, carnitine, selenium). 

Taurine is a free amino add, which is not used to build up protein molecules, It has 
15 been shown to be involved in many physiological fimctions, e.g., as a trophic factor in 
the development of the central nervous system, maintaining the structipral integrity of 
the membrane, regulating calcium homeostasis, as an osmolyte, a neuromodi4ator, and 
a neurotransmitter. It also conjugates with bile acids to form bile salts (essential for 
micelle fennation and fat absorption). 

20 

Nucleotides are non protein nitrogen compounds which contain three characteristic 
components: a nitrogenous base, a sugar (ribose or deoxy-ribose), and one or more 
phosphate groups. Total nucleotide content in human milk represents 2 to SVo of the 
non-protein nitrogen. Cow*s milk contains lower concentrations of nucleotides tiian 

25 human milk and its nucleotide profile differs markedly from tiiat of human milk. 
Addition of nucleotides in the present infant formula follows the physiological pattern 
of niicleotides levels in human milk, with a predominance of easily metabolised 
pyrimidines over less desirable purines: addition of nucleotides to flxe in&nt formula is 
safe. The levels of addition are within the range allowed by the Buropean Union 

3 0 Scientific Committee for Food and the Buropean Directive. 

Carnitine i;; a particular nitrogenous compound, Mdiich belongs to a group of food 
£|ctors known as vitamin-like nutrient^, perfomis a crucial role in the aiergy supply of 
tis3ues during foetal life and in the neonatal period by fenilj^tftig the transport of long 
35 chain fatty acids into the mitochondria where betaroxidation occurs. Patty acids are 
■ indeed not able to pass in free form through the mitochondrial wall; the transfer into 'be 

mitochondria is gov^ned by at least three enzymatic systems, namely camitine — 

I 

I 
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palmitoyl transferasep I and H and caimtine -tranplocase, in which carnitine participates. 
Thus, caaiiti ne is required for proper Upid ojddation and eamitine deficiency or low 
carnitine intake can lead to impaired fet utilisation and altered Upid metaboUsm. 
Carnitine has also a role in oflier metabolic processes, such as ketogenesis. lypolysis, 
and the maintenance of thermogenesis and nitrogen metaboliian. Moreover, carnitine 
has been shown to improve utilisation of medium chain triglycerides in infants. 
New-boms have relatively low carnitine reserves and a very low activity of the enzyme 
catalysing the last step in the carnitine synthesis. Thus new-boms are particularly at risk 
of becoming camitine-deficient in the absence of an adequate supply of exogenous 
camitinB. Carnitine is preferably added to infant fomiulae, in order to reach a level close 
to that of human milk. 

The product according to the first object of the invention may be in powder fonn or as a 
ready to drink solution. 

15 In the case of a powder formulae, the foUowing feeding table may be used as a guide. 
However, the quantities may be changed according to medical advice. The introduction 
of cow's milk or any other mfent fonnula must be carried out under medical 
siqjctvision. Hie standard reconstitution of the formula according to the invention is 
12.9%, i.e. 12.9 g powder for 90 mL of water, which gives a caloric density of 67 

20 kcal/lOOmL. 



10 



Table 4 





quantity per feed 


No. of feeds oer dav 


Ageofinfiint 


Previously 


number, of 






boiled water 


measuring 


Formula 


Others 




CmL) 


scoops 






90 


3 


6 




3"* and 4* weeks 


120 


4 


5 




2"** month 


150 


5 


5 




3"* and 4* months 


180 


6 


5 




5* and 6* months 


210 


7 


5 




ftom the 7* month 


210 1 








onwards 


7 


4-3 


1-2 



In the case of a ready-to-drink solution, a special care needs to be given so that the 
probiotics do not enter in contact with the liquid fonnula accidentally. Preferably, the 
probiotics are stored in powder apart fiom the liquid fonnula, and is incoipoiated and 
homogenised into the liquid formula just before consumptioA. ie up to two horns before 
consumption. 
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A pecond object of the present invention is a method for atiengthemng natural immune 
defenses of an infant or a young cMld consipting in fully or partly feeding said infent or 
child with a fiirmula as described aboye, Le. comprising at least one probiotic and at 
5 least one LC-PUFA. 

Intestinal mucosa is one important location for the immune system and the gastro- 
intestinal microfloia plays a dominant role in the development of the gut-associated 
lymphoid tissue (GALT). This highly organised immune system consists of lymphoid 

10 follicles that can be either isolated or grouped in Peyer-s patches present in the deep part 
of the mucosa and the submucosa of the small intestine. GALT has the capacity to 
discriminate between palliogeBic microorganisms to which it responds dynamically, and 
the vast array of dietary antigens and comnum^al microbial floja to which it itanains 
tolerant. Probiotics interact with the immune system at many levels, including cytokine 

15 production, mononuclear cells proliferation, macrophage phagocytosis and killing s 
modulation of autoimmunity, and unmunity to bacterial and protozoan patixogens. 
These immunological properties are strain-specific. Bifidobacterium lactis has been 
shown to positively influence mucosal immunity: in adult snbjects, B. lactis enhances 
stimulation of phagocytosis by peripheral blood Iyn:5>hocytes whtteas in infents, B. 

20 lactis enhances secretion of faecal IgA . immunoglobulins which play an important «>le 
in pathogens elimination. 

More important, this immune stimulation results in a clear health benefit, i.e. reduction 
of the risk of dianhoea in infants at high risk of contamination as hospital environment 
and in the more usual conditions of day-care centres. A similar trend was found recently 

25 in a study comparing a starter whey hydrolysed fbmmla -with different protein levels 
and B. lactis addition. Salivary rotaviius-specific ]feA litres are a good indicator of 
rotavirus infections. Whereas 4ey are not detected in healthy neonates, they are 
increased in infected infants. Infents and children fed a A lactis enriched fbrmnla have 
less often an increase in their salivary antx-rotavirus litres when exposed to a 

30 contaminated environment, supporting the hypothesis that B. lactis supplementation 
protects against rotavirus infection. 

Inflammation (usuaUy cfaaiacterised by redness, swelling, heat and pain) is a normal, 
immediate response of the body to infection. It is part of the nomial, innate immune 
system. A too strong immune reaction may thus lead to excessive inflammatory 
35 reaction. Allergy is also the resqlt of an exacerbated immune reaction due to 
inappropriate recognition and response to antigens. Appropriate stimulation of the 
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immune system ^ould therefore result in adequate protective mucosal immunity 
without excessive inflammation and 4evelop syjtemic oral tolerance, 
In the newborn, the pattern of immune response is sinewed towards Th-2 type of 
re3ponse, leading to all^gie reactions, ^d will evolve during ppstaajtal maturation 
5 towards a balanced Th-l/Th-2 response. 

The intestinal flora counterbalances Th2 activity and affects the development of many 
other immune parameters. Differences in intestinal flora composition exist between 
infents developing allergy and healthy infeuts: infants with atopic dermatitis are less 
fiequently colonized by bifidobacteria es compared to healthy ones Probiotics are 

10 therefore considered as potential modulators of the allergic reactions. But rfmilarly to 
the inunune protection, this acttvity^ is strain-specific The anti-inflammatory properties 
off. lacUs have been shown first in in vitro models of ceU cultures and conjGrmed in 
highly ^ensitizied infants who did not react to feeding with an esctensively hydmlyzed 
infant formula. In such infants, B. lactis reduces the symptoms of atopic dermatitis. 

15 Furttier, supplementation with B, lactis prevents the increase in the numbers of 
bacteroides and E, coli during weaning, and high numbers of bapteroides and E. coli are 
associated with the extent of atopic sensitizatian in infants with atopic eczema. 
The so-called **hygien0 hypothesis'* suggests that ttie increase in allergic disease m^y be 
due to a lack of stimulation of the immune system by microbial exposure and resulting 

20 prolongation of fte immature neonatal pattern of immune response well into the first 
years of life. Since the pattern of response associated with the first encounter with an 
antigen is Hkejy to be programmed into long-term immunologicBl memory, an 
innocuous early life exposure as realized by selected probiotics such as B. lactis may 
further contribute to an optimal health status later in life. 

25 

The quantity and quality of dietary lipids and their metabolism are of major importance 
for the growth, body composition, development and long-term health of children^ both 
in health and disease. Lipids axe the major source of energy in early childhood and 
supply essential lipid-^soluhle vitamins and polyunsaturated fMy acids that are required 

30 in relatively high amounts during early growth. Lipids a£fect the composition of 
membrane sttiictures, and modulate membrane fimctions as well as the functional 
development of the central nervous system. Some LC-PUFAs serve as precursors for 
bioactiye lipid mediators, including prostaglandins, thromboxanes and leukotrienes* 
vv^iich are powerful regulators of numerous cell functions such as thrombocyte 

35 aggregptiom inflammatozy reactions and msmune fimctioons. 

The fatty acid conqftosition of inflammatoiy and immune ceUs is sensitive to change 
according to die &tty acid composition of the diet In particular, the proportion of 
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different types of PUFAs in Aese cells is readily changed, and this provides a link 
between dietary PUFA intake, inflammation, and immunity. The n-6 PUFA arachidonic 
acid is the precursor of prostaglandins, leukotrienes, and related compoimds, which 
have important roles in inflammation and in the regulation of unmunity. Among other 

5 compounds, lipids, especially n-3 polyunsaturated fetty acid3, were shown to ixifluence 
the immune response. Fish oil contains Ifae n-3 PUFAs EPA and DHA. Feeding fish oil 
result? in partial replacement of ARA in cell membranes by EPA, Una leads to 
decreased production of ARA^-detived mediators. In addition, EPA is a substrate for 
cyclooxygenase and lipoxygenase and gives rise to mediators ^t often have different 

10 biological actions or potencies than those formed from ARA. Animal studies have 
shown that dietary fish oil results in altered lymphocyte fimction and in suppressed 
production of pro-infiammatory cytokines by macrophages, Supplementation of the diet 
of heahfay human volunteers with fidh oil-derived n-3 PUFA results in decreased 
monocyte and neutrophil dicmotaxis and decreased production of pro-inflanmLatory 

15 cytokines. 

Cyclooxygenase and lipoxygenase catalyse the synthesis of eicos^oids from LCPUFA 
precursors (ARA, EPA). Eicosanoids are C-20 PUFA derivative? that include 
prostaglandins, thromboxanes, and leukotrienes. Among their ubiquitous biological 
e£Fects such as on the immune cell functions^ they are involved in the normal regulation 

20 of gaptric secretion and gastric motility, as well as In gastric mucosal defence. 

n-3 Fatty acids influence inflammatory cell activation procesaes from signal 
transduction to protein expression even involving effects at the genomic level, n-3 Patty 
acid-mediated mechanism^ decreased cytokine-induced adhesion molecule expression, 
tfaeieby reducing inflammatory leucocyte^endotfaelium interactions and modified lipid 

25 mediator synthesis, thus influencing tiie trans-endothelial migration of leucocytes and 
leucocyte trafScking in general. Even the metabolic repertoire of specific 
immunocompetent cells such as cytokine release or proliferation is modified by n-3 
fatty acids. 

PUFAs have implications on T-cell function for the neonates. Infiint ?urviY^ depends 
30 on the ability to respond effectively and appropriately to enviionmeatal challenges. 
TTifaTitfs are bom with a degree of immunological immaturity that renders them 
susceptible to infection and abnormal dietary responses (allergies). T-lymphocyte 
function is poorly developed at birth. The reduced ability of infants to respond to 
I mitogens may be flie result of the low number of CD45R<>f (memoiy/antigen-primed) 

35 T cells or their limited ability to produce cytokines, particularly inter&ron-Y ^ooA 
intedeukins and IL-10. There have been many important changes in optimising 

s 
I 

i 
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bieast milk substitutes for in&ats; however^ few hqve been directed at replacing &ctor3 
in breast milk that convey immune benefits. 

Compared with standard fonnula, feeding a foimula containing DHA and ARA 
5 increases the proportion of antigen mature (CD45RO+) CD4i- cells, improves EUIO 
production, and reduces IL-2 production to levels not difi^rent firom those of human 
milk-fed infints. 

After the oral mucosa, the intestinal epithelium and its associated gut-associated 
lymphoid tissue are the primary targets of dietary components. 

10 Pla^a membranes of many cell types contain domains enriched in specific lipids 
(saturated fatty acids, spbingolipids) and cholesterol, called b'pid rafts. These serve ajs 
entry sites tat several receptor-mediated signalling events by stabilising receptor/kinase 
intexactionSs suggesting an involvement in the initiation of signalling cascades. Cross- 
linking of surface receptors in hematopoietic cells results in the enrichment of these 

15 receptors in the rajfls along with other downstream signalling molecules. A possible 
explanation of how signal is transduced throu^ the plasma membrane has arisen from 
the concept of rafts. From the study of cellular responses in the plasma membrane 
which enrich member? of the Sze-&mily tyrosine kinase, rafts can function as centre^ of 
signal transduction by forming patches. Under physiological conditions^ these elements 

20 synergise to successfully transduce a signal at the plasma membrane. 

In T lymphocyte?, key T cell antigen receptor (TCR) signalling molecules associate 
with rafts, disrupting raft-association of certain of these abrogates TCR signalling. The 
TCR itself associates with lipid raSs, and TCR cross^linking causes aggregation of raft- 
associated proteins. Furthermoze^ raft aggregation promotes tyrosiiva pho^hoiylation 

25 and recruitment of signalling proteins, but excludes the tyrosine phosphatase CD4S. 
Rafls are thus suggested to be important in controlling appropriate protein interactions 
in hematopoietic cells, and aggregation of rafts following receptor ligation may be a 
general mechanism for promoting immune cell signalling. Although not wishing to be 
bound by theory, we believe that the rafb, rich in ^turated &Sty acids* are influenced by 

30 dietary LC-PUFAs explaining part of then: biological effects on immune function, 

A clear effect of LC-PUFAs or their precursors have been demonstrated on functions 
such as systemic immunity or lipid and carbohydrate metabolism^ althougih most of 
them have been done on adult humans or animals. 

35 Dietary LO-PUPAs are absorbed and incorporated to the membranes of tfie enterocytes. 
They appear to modulate &e local inflammatory response and promote intestinal repair 
after stress. Therefore, dietary LC^PURAs improve the repair of small intestine^ for 
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example in mdividitfas that h4Ye been previooi^ly malnourished. The possible 
mechanisms hereby LC5-PUFAs can affect the inflammatory cascade ^ multiple 
Nonetheless, the role of LC-PUFAs in specifically modulatiiig gut inflammation 
remains unclear. 

5 

Several reports suggest up-regulation of the non-specific banier function by the 
products of PUFAs. Thus eicosanoids, particularly those derived fiom AJRA. would 
affect intestinal secretion, mucus secretion and density of surfactant in mucus. 
phospboUpid synthesis and provide cytoprotection to the GI mucosa. It has also been 
10 puggested that intestinal glycosyltmnsfeiases ate modulated by the global unsaturation 
index of the fiuty acids in the diet, whfle ocdudin (m^or component of the tight 
junction complex) expression would be uf^^sgulated by gamnuulinolenic acid (1 8:3n-6) 
and eicosapentaenoic acids and dovra-regulated by AA and linoleic add (1 8:2n-6). 

15 Finally, PUFAs and LC-PUFAs might be able to modulate the composition of the 
intestinal flora. Linoleic and alpha-linolenic acids suppress the proliferation of 
Stegffo'Jococcus aureus. Shnflariy, relatively high concentrations, although still in the 
physiological range, of fiee linoleic, gamma^linolenic, aiachidonic, alpha-hnolenic. and 
docosahexaenoic acids inhibit growth and mucus adhesion of Lactohacillus GG, casei 

20 and bulgaricus. Moreover, milder concentrations of gamma-linolenlc acid and' ARA 
promote growth and mucus adhesion of X. casei. 

Furtheimore. the adhesion of those bacteria to Caca-2 cells grown in PUFA-contaming 
media is modulated by the type and concentration of LC-PUFAs. Given that the ability 
to adhere to the intestinal surfaces qipears to be important for the functionality of the 
25 probiotics and &r the virulence of the pathogemo bacteria, we beUeve lhat the 
supplementation with LCPUFAs a£fects the efficacy of the probiotic and the invasive 
capacity of the padjogens. 

Although not wishing to be bound by theory, we believe that the beneficial efect of 
30 probiotics are improved by their combination with LO-PUFAs, and that LC-PUPAs 
promote the actions of proWotics. Therefore, a formula according to the invention 
e^qsloits the synergic effect of these two ctm^onenls. 

Said synergic effect has beneficial actions on nuo^ visible parameters, especially in 
35 infents. Among them, a reduced dianhoea and in some cases reduced flatulence. 
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We have also paid attention to morbidity, that is to say to episodes of fever, respir^iy 
tract infections. The first results of the study indicate » dectease in morbidity although 
full results are not available yet. 

Further, antibody titres to vaccinations (Diphtheria, Tetanus, Pertussis, Haemophilus 
influenzae type b. Hepatitis B) have been measured. The first results of the study 
indicate an increase in antibody titres, although fiiU results ai© not available yet. 

According to a third object of the present invention, there is provided a method for 
promoting a heahhy mental development of an infest or a young chUd consisiting in 
fidly or partly feeding said infant or child M± a fonnula as described above. i.e. 
comprising at least one probiotic and at least one LC-PUFA. 

LC-PUFA supplementation of infent fonnulae has been advocated mainly with the idea 
that it would improve visual function and neuro-developmcnt. Indeed the results in tenn 
infants are highly controversial. Whereas positive outcomes have sometimes been 
observed in smaU scale studies, they could not be confirmed in larger studies. 
Using the TeUer acuity card procedure or the Visual Evoked Potential (VEP) acuity, 
observational studies in general show better retinal junction in bieast-fed infents than iii 
infeuts fed fbmiula without DHA and/or DHA & ARA. 

Several standardized procedures of global neurodevelopment are used in studies of LC- 
PUFA status: the Bayley Scales of Infant Development (providing among otiier tools 
the Bayley Psychomotor Development Index and the Bayley Mental Developmental 
Index), the Brunet-Lezine Test, the MacAithur Communicative Development 
Inventories, as weU as more specific unstandanUzed test such as the problem-solvina 
ability. ^ 

Several studies show a positive e£Eect of adding DHA or DHA & AA to the fonnula on 
cognitive development. 

Examples 

The foUowing examples are illustrative of some of the products and methods of making 
the same felling within the scope of the present invention. They ate not to be considered 
in any way limitative of the invention. Changes and modifications can be made with 
respect to the invention. That is, the skiUed person will recognise many variations in 
these examples to cover a wide range of fonnulas. ingredients, processing, and mixtures 
to rationaUy adjust the naturally occurring levels of the compounds of the invention for 
a varied of plications. 
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Example 1 : Preferred formula 



Nutrient 


per 1 OOkcal 


per litre 


Energy (kcal) 


100 


670 


Protein (g) 


1.83 


12.3 


Fat(B) 


5.3 


35.7 


Lmoleic arid (g) 


0.79 


5,3 


a-LinQlenic acid (mg) 


101 


675 


Lactose fe) 


11.2 


74,7 


Minerals (g) 


0.37 


2.5 


Na (mg) 


23 


150 




89 


590 


ClCmjO 


64 


430 


Ca(mg) 


62 


410 




31 


210 


Mg (mg) 


7 


50 


Mn (^ig) 


8 


50 


Se ((AA) 


2 


13 


Vitamin A (M-g RE) 


105 


700 


Vitamin D (^g) 


1.5 


10 


Vitamin E (rag TE) 


0.8 


5.4 


Vitamin Kl (Mg) 


8 


54 


Vitamin C (mg) 


10 


67 


Vitamin Bl (rag) 


0,07 


0.47 


Vitamin B2 (mg) 


r 0.15 


1.0 


Niacin (mg) 


1 


6.7 


Vitamin B6 (mg) 


0.075 


0.50 


Folic ax:id (|ig) 


9 


60 


Pantotlienfc acid (mg) 


0.45 


3 


Vitamin B 12 (^g) 


0.3 


2 


Biotin dig) 


2.2 


15 


ChoGne (mg) 


10 


67 


Pe(nig) 


1.2 


8 




15 


100 


Cu(mg) 


0.06 


0.4 


Zn(mg) 


0.75 


5 



S The product will contain the additional ingredient?; 

Bifidobacterium Lactis (BL) : 2x10^ /gram of dry product 



C-^x : X ■ no /nc /nrmo ^-^mrr% 
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30 



35 
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CSalms 

1. Infant fanmiU con^rising at least one LC-PUFA and at least onepiobiotic. 

2. Jiifint fomrala according to claim 1 wherein the LCPUPA conqnises DHA, in 
combinatiom or not witfa ARA. 

3. Maut fonniila accoiding to claim 1 or claim 2, wherein at least one of the piobiotics 
is a Bifidobacteria or a Lactobacillus, prefeiably Bifidobacterium lactis. 

4 .Infant fbrmula accoiding to one of claims 1 to 3 wherein at least one of the piobiotics 
is Streptococcus thermcphUus. 



5. Infant foimula according to one of claims 1 to 4 further comprising proteins, at least 
1 5 40% of tbran being modified sweet whey proteins with no CGMP or reduced CGMP. 

6. Infint formula according to claim 5 wherem flie whey proteins with reduced CGMP 
rqjresent at least 60% of fiic total proteins, preferably at least 70% of the total proteins. 

20 7. hifant formula according to claim 5 or claim 6 wherein the proteins are present in a 
maximum proportion of 2g/100 kcal, preferably 1.85, most preferably between 1.8 and 
1.85 g/lOOkcal. 

8. Mettiod for strBDgthening natural unmune defenses of an in&nt or a bM»y consisiting 
25 in fully or partly feedmg said infimt or baby with a fbimiila con^risine at least one 
probiotic and at least one LC-PUFA. 



9. Method for strengthening natural immune defenses according to claim 9 with a 
fonnula acoiding to any of claims 1 to 7. 

10. Method for strengthening natural inmnme defeis^ according to claim 8 or claim 9 
by lowering flatulence, vondtting, regorgitatton and/or morbidity. 

U. Mefliod for promoting a healthy mental development in an infint or a baby 
consiaiting in &Uy or partly feeding said infent or baby ^th a formula comprising at 
least one LC-PUFA associated with protehis and probiotics, wherein at least 40% of the 
proteins are modified sweet whey proteins comprising no CGMf or reduced CQMP. 
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12. Methoci for piomoting a healfliy mental development according to claim 11 with a 
foimula acoiding to any of claims 1 to 7. 



5 14. Method according to claim 1 1 or claim 12, wherein the in&nt or baby is pre-tenned« 



1 
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Abstract 

The fonnula of the invention, intended both for infimts and young children, comprisesat 
least one LC-PUFA and at lea^t one proKotic. 

The invention also pertains to method? for strengtening natural immune defenses and 
method for promoting a healthy mental development in infants or young children by 
fully or partly feeding them with the afore-mentionned ftimula. 



